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Abstract

This study examined the enzymatic characteristics and steroid regulation of the glucocorticoid-metabolizing enzyme 11b-
hydroxysteroid dehydrogenase (11b-HSD) in the human breast cancer cell line T-47D. In cell homogenates, exogenous NAD
signi®cantly increased the conversion of corticosterone to 11-dehydrocorticosterone, while NADP was ine�ective. There was no
conversion of 11-dehydrocorticosterone to corticosterone either with NADH or NADPH demonstrating the lack of reductase
activity. In keeping with these results, RT-PCR analysis indicated a mRNA for 11b-HSD2 in T-47D cells, while 11b-HSD1

mRNA levels were undetectable. In T-47D cells treated for 24 h with medroxyprogesterone acetate (MPA), 11b-HSD catalytic
activity was elevated 11-fold, while estrone (E1), estradiol (E2) and the synthetic glucocorticoid dexamethasone (DEX) were
ine�ective. The antiprogestin mifepristone (RU486) acted as a pure antagonist of the progestin-enhanced 11b-HSD activity, but

did not exert any agonistic e�ects of its own. In addition, RT-PCR analysis demonstrated that MPA was a potent inducer of
11b-HSD2 gene expression, increasing the steady-state levels of 11b-HSD2 mRNA. Taken together, these results demonstrate
that 11b-HSD2 is the 11b-HSD isoform expressed by T-47D cells under steady-state conditions and suggest the existence of a

previously undocumented mechanism of action of progestins in breast cancer cells. 7 2000 Elsevier Science Ltd. All rights
reserved.

1. Introduction

In the mammary gland, proliferation, morphologi-
cal and functional di�erentiation are controlled by
steroid hormones. These endocrine e�ects are exerted
through intracellular receptors that, after binding to
the speci®c steroid, interact with regulatory sequences
altering gene transcription rate [1]. Adrenal steroids
control a variety of functions in normal and cancer
breast epithelial cells. Glucocorticoids in¯uence di�er-

entiation of mammary epithelial cells in primary cul-
ture [2] and are required for the initiation and
maintenance of lactation [3,4]. The responsiveness of
human breast cancer cells to steroids has been exten-
sively investigated in vitro. Thus, glucocorticoid-
dependent inhibition of cell growth has been demon-
strated in breast cancer cell lines [5±7]. Other studies
have shown that glucocorticoids modulate aromatase
activity and can a�ect the rate of estrogen synthesis
in breast carcinoma cells [8].

In glucocorticoid target tissues, intracellular hor-
mone levels are modulated by the enzyme 11b-hy-
droxysteroid dehydrogenase (11b-HSD), which
catalyses the interconversion of 11-hydroxycorticos-
teroids, cortisol and corticosterone, to their 11-keto
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metabolites, cortisone and 11-dehydrocorticosterone.

To date, two distinct isoforms of 11b-HSD have
been identi®ed and cloned in mammals. The type 1

isoform (11b-HSD1) is an NADP-dependent enzyme

found in most tissues, characterized by Km values

for its physiological substrates in the micromolar range

and by acting as an oxoreductase [9]. In contrast, the
type 2 isoform (11b-HSD2) is an NAD-dependent

enzyme present in a limited range of tissues, showing a

high a�nity for its substrates and behaving as an

exclusive dehydrogenase [10].

Several studies have evaluated the expression of

11b-HSD in the breast and its role as regulator of

glucocorticoid action in epithelial and stromal cells.

The presence of 11b-HSD activity was ®rst reported

in pregnant and lactating rat mammary gland where
the enzyme, by reducing the intracellular levels of

active glucocorticoids, is though to prevent premature

milk production [11]. Immunohistochemical studies

have indicated abundant 11b-HSD2 protein, colocaliz-
ing with the mineralocorticoid receptor, in normal

and malignant human breast tissue [12]. Furthermore,

the role of the enzyme as a modulator of the biologi-

cal e�ects of glucocorticoids has been explored in

human breast cancer and adipose stromal cells
[13,14]. Despite the growing interest in the biological

roles of mammary gland 11b-HSD, few data exist on

factors regulating its expression. Importantly, a

marked variation of 11b-HSD2 immunoreactivity

among human breast tissues has been reported by
Sasano et al. [12]. These authors hypothesized that

alterations in the expression levels of breast epithelial

cell 11b-HSD2 may occur in response to stimulatory

factors [12]. Ovarian steroids are known to regulate
11b-HSD expression in several experimental models.

We previously showed that in human endometrial

stromal cells in culture, the levels of 11b-HSD

increase after stimulation with medroxyprogesterone

acetate (MPA) and that this e�ect is augmented by
estradiol (E2) [15]. Furthermore, it has been demon-

strated that in human and murine endometrium, 11b-
HSD activity varies during the menstrual cycle accord-

ing to the secretion levels of estradiol and progesterone

[16,17]. The present study was designed to evaluate the
e�ect of ovarian steroids on the expression of 11b-
HSD in breast cancer cells. To this aim, we developed

a tissue culture system using the steroid receptor-posi-

tive, human breast cancer cell line T-47D. After exam-
ining the characteristics of 11b-HSD expressed by

these cells, we studied the e�ects of estrogens and pro-

gestins on enzyme activity and mRNA levels. Our

results demonstrate the presence of the 11b-HSD2 iso-

form in the T-47D cell line and provide direct evidence
of increased enzyme expression following progestin

treatment of the cells.

2. Materials and methods

2.1. Materials

NAD, NADP, NADH, NADPH, Triton X-100 and
TLC plates (Polygram Sil G/UV;0.25 mm) were
obtained from Sigma (St. Louis, MO, USA). Cell cul-
ture supplies were from Corning Costar (Acton, MA,
USA).

2.1.1. Steroids
[1,2,6,7-3H]Corticosterone (SA, 80 Ci/mmol) was

purchased from Amersham International (Little Chal-
font, UK). Non-radioactive steroids were obtained
from Sigma Chemical. Mifepristone (RU486) was pro-
vided by Research Biochemicals International (Natick,
MA, USA).

2.1.2. Preparation of [1,2,6,7-3H]11-
dehydrocorticosterone

The radioactive 11-dehydrocorticosterone was pre-
pared following a procedure in use in our laboratory
using a human prostate cancer cell line as a source of
dehydrogenase activity [18]. Brie¯y, con¯uent cultures
of LNCaP cells (American Type Culture Collection,
Rockville, MD, USA) were harvested with a cell scra-
per and collected in ice-cold phosphate bu�er solution
(PBS). The cells were pelleted by centrifugation and
suspended in 1.0 ml of 0.1 M sodium phosphate bu�er
(pH 7.5), 0.2% (v/v) of Triton X-100 and sonicated.
One mg of cell lysate was incubated overnight at 378C
with [1,2,6,7-3H]corticosterone (50 mCi) and NAD (5
mmol/l) in 0.1 M sodium phosphate bu�er (pH 7.5) in
a ®nal volume of 1.0 ml. The radioactive steroids were
extracted with ethyl acetate and the product separated
by TLC as described below. The band corresponding
to 11-dehydrocorticosterone was scraped o� of TLC
plates and eluted with methanol. The steroid was col-
lected by evaporating the solvent and suspended with
methanol.

2.2. Methods

2.2.1. Cell cultures
The T-47D human breast carcinoma cell line was

obtained from the American Type Culture Collection.
Cells were grown at 378C, in a 95% air: 5% CO2 hu-
midi®ed incubator, in RPMI-1640. The medium was
supplemented with 10% fetal bovine serum (FBS), L-
glutamine 2 mmol/l, penicillin 100 U/ml, streptomycin
0.1 mg/ml, insulin 10 mg/ml, sodium pyruvate 1 mmol/
l, HEPES 10 mmol/l, and sodium bicarbonate 0.2%
(p/v) (Sigma).
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2.2.2. Sample preparation and measurement of
enzymatic activity

Cultures were rinsed three times with PBS, harvested
by scraping with a rubber spatula and centrifuged at
1000 � g for 5 min at 48C. Cell pellets were suspended
in ice-cold sodium phosphate bu�er 0.1 M (pH 7.5),
0.2% (v/v) of Triton X-100, sonicated for 15 s on ice
and divided in aliquots for total protein content and
measurement of 11b-HSD activity. The latter was
determined by measuring the conversion of corticoster-
one to 11-dehydrocorticosterone in the presence of
either NADP or NAD following the method of Rusvai
and Naray-Fejes-Toth [19]. The assay mixture con-
tained sodium phosphate bu�er 0.1 M (pH 7.5), 10
nmol/l of [1,2,6,7-3H]corticosterone and 0.25 mmol/l of
either NADP or NAD. After 10 min at 378C, cell
lysate was added to the solution. Preliminary studies
indicated the amount of protein to be used for each
experimental condition to maintain the rate of reaction
in the linear range of the product formed and to not
exceed 50% of the substrate conversion. After 2 h of
incubation, the reaction was arrested and the steroids
were extracted by adding 2 volumes of ice-cold ethyl
acetate. The organic layer was separated and evapor-
ated under nitrogen. The steroid residue was dissolved
in 30 ml of methanol containing 20 mg each of un-
labeled corticosterone and 11-dehydrocorticosterone.
The mixture was quantitatively transferred to thin-
layer plates and developed in chloroform:methanol
(9:1; v/v). Reductase activity was assayed in a similar
manner by measuring the conversion of [1,2,6,7-3H]11-
dehydrocorticosterone to corticosterone in the presence
of NADPH or NADH. Areas corresponding to corti-
costerone and 11-dehydrocorticosterone were visual-
ized under UV light, cut out, transferred to vials
containing liquid scintillant and counted in a b-coun-
ter. Kinetic parameters were calculated following the
procedure described above using concentrations of
[1,2,6,7-3H]corticosterone of 5, 10, 20, 50, 100 and 200
nmol/l, with a saturating concentration of NAD as
cofactor (0.25 mmol/l). For inhibition experiments, T-
47D cell homogenates were incubated with di�erent
concentrations of carbenoxolone (Sigma) and 11-dehy-
drocorticosterone added from stock solutions in water
and ethanol, respectively; 11b-HSD activity was deter-
mined as described above.

2.2.3. Steroid treatments
To evaluate the e�ects of steroids on 11b-HSD ac-

tivity, T-47D cells were seeded onto six well plates at a
concentration of 3� 105 cells/well and grown to about
80% con¯uence. Before steroid treatment, cells were
washed with sterile PBS and switched to RPMI-1640
phenol red-free with 2% FBS pre-treated with dextran-
coated activated charcoal (medium A). After 48 h,
con¯uent cultures received fresh medium A containing

the steroids added from 1000� stock solutions in etha-
nol or ethanol alone as vehicle control and the cultures
returned to the incubator. At speci®ed periods of ex-
perimental incubation, the medium was removed, the
cells harvested and 11b-HSD activity determined as
described above.

2.2.4. Protein estimation
Cell protein content was estimated by the Bradford's

method [20] using bovine serum albumin as standard.
Triton X-100 at a low concentration (0.2%) did not
interfere with the assay.

2.2.5. Oligodeoxynucleotides
The following gene-speci®c primers were used for

ampli®cation by polymerase chain reaction (PCR):
11b-HSD1 5 ' primer was 5 '-TCGGATGGCTTT-
TATG-3 ', the 3 ' primer was 5 '-ACTTGCTTGCA-
GAATAGG-3 ' and the expected size of the ampli®ed
fragment was 571 base pairs (bp). 11b-HSD2 5 ' primer
was 5 '-ACGCAGGCCACAATGAAGTAG-3 ', the 3 '
primer was 5 '-GCAGCCAGGCTGGATGATG-3 ' and
the expected size of the reaction product was 293 bp
[18]. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) 5 ' primer was 5 '-ACGGATTTGGTCG-
TATTGGGC-3 '; the 3 ' primer was 5 '-
AAATTCGTTGTCATACCAGG-3 '. The expected
size of the reaction product was 929 bp [15].

2.2.6. Determination of relative 11b-HSD mRNA levels
by RT-PCR

2.2.6.1. Reverse Transcriptase (RT). Total RNA was
isolated from cultured cells following the procedure
described by Chomczynski and Sacchi [21] (RNAzol-B,
Cinna/Biotech Laboratories, Friendswood, TX, USA).
RNA integrity was tested by agarose gel electrophor-
esis in the presence of formaldehyde 2.2 mol/l. First
strand cDNA was synthesized using Moloney murine
leukemia virus (M-MLV) reverse transcriptase (Gen-
eAmp Kit, Perkin Elmer, Norwalk, CT, USA) as pre-
viously described [15]. One mg of total RNA was
diluted in Tris±HCl 10 mmol/l, KCl 50 mmol/l, MgCl2
5 mmol/l (pH 8.3), containing 50 U of M-MLV reverse
transcriptase, 20 U of placental RNase inhibitor,
deoxy-NTPs (dNTPs; 1 mmol/l each of dGTP, dATP,
dTTP and dCTP), oligo d(T) primers 2.5 mmol/l, in 20
ml of volume. The mixture was incubated at 428C for
15 min, 998C for 5 min, and 58C for 5 min in a pro-
grammable thermal cycler (Perkin Elmer). For each
RT, a blank was prepared using all the reagents except
RNA, which was substituted by water.

2.2.6.2. PCR. Two ml of RT reaction product were
added to a mix containing 5� reaction bu�er [Tris±
HCl 300 mmol/l, (NH4)2SO4 75 mmol/l, MgCl2 7.5
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mmol/l, pH 8.5], dNTP mixture (®nal concentration
0.25 mmol/l), 1.0 U cloned Thermus aquaticus DNA
polymerase (Life Technologies, Milan, Italy), and
either 11b-HSD1, 11b-HSD2 or GAPDH primers
(®nal concentration 0.4 mmol/l) in a volume of 50 ml
and the mixture was overlaid with two drops of min-
eral oil. PCR incubation was carried out in a program-
mable thermal cycler (Eppendorf, Netheler, Germany).
Ampli®cations were carried out for 1 min at 948C, 1
min at 538C (11b-HSD1) or 638C (11b-HSD2,
GAPDH) and 1 min at 728C followed by a ®nal 10
min at 728C [18]. For each incubation, a blank for
both sets of primers was prepared using 2 ml of the
corresponding RT blank. Semi-quantitative evaluation
of 11b-HSD2 mRNA levels in hormone-treated and
control cultures was carried out following the method
described by Tremblay et al. [22] with minor modi®-
cations. The RT products were used as a template for
the co-ampli®cation of 11b-HSD2 and the GAPDH
cDNA as described above, except that the number of
ampli®cation cycles used, determined on the basis of
preliminary experiments, was within the range of the
exponential phase of reaction. For each ampli®cation,
one-®fth of the PCR solution was added to 3 ml of gel
loading solution [sucrose 40% (p/v), bromophenol
blue 0.05% (p/v), SDS 0.5% (p/v) and EDTA 0.1 mol/
l] and fractionated by electrophoresis in a 1.8% agar-
ose gel. Gels were stained with ethidium bromide 0.5
mg/ml, destained and photographed.

2.2.6.3. Statistics. Two-way ANOVA was used to com-
pare: (a) values of samples incubated without cofactor
and those of samples incubated in the presence of
cofactor and (b) values of cultures treated with the
various steroids and values of control cultures. p <
0.05 was considered signi®cant.

3. Results

3.1. 11b-HSD activity of T-47D cells

The characteristics of 11b-HSD activity of T-47D
are described in Fig. 1. The cofactor preference of the
enzyme was determined measuring the conversion of
corticosterone to 11-dehydrocorticosterone in the
absence of added cofactor or in the presence of 0.25
mmol/1 of NAD or NADP. As shown in panel A, no
signi®cant di�erence in the conversion rate was
observed when the cell homogenate was incubated in
the absence of cofactor (1.020.2 pmole/h mg protein;
mean2 SE) or in the presence of NADP (0.982 0.3
pmole/h mg protein). Conversely, exogenous NAD
increased 11-dehydrocorticosterone formation up to 3.1
20.44 pmole/h mg protein ( p<0.05). To evaluate the
reductase activity of 11b-HSD of T-47D, cell hom-
ogenates were incubated with 11-dehydrocorticosterone
and NADH or NADPH, and in the absence of added
cofactor. As shown in panel B, no increase of re-
ductase activity was detectable with either NADH or
NADPH.

The kinetics of corticosterone oxidation to 11-dehy-
drocorticosterone by 11b-HSD was measured from the
initial velocities of the conversion at substrate concen-

Fig. 2. Inhibition of 11b-HSD activitity of T-47D cells by carbenoxo-

lone and 11-dehydrocorticosterone. Cell homogenates were incubated

with 10 nmol/l �3H]corticosterone and 0.25 mmol/l of NAD in the

presence of carbenoxolone or 11-dehydrocorticosterone (11-DHCS)

at the concentrations indicated. Values are expressed as percent inhi-

bition when compared with control samples incubated without in-

hibitors. Values are mean2SD from quadruplicate cultures.

Fig. 1. (A) Cofactor dependence of 11b-HSD. T-47D cell homogen-

ates were incubated in the absence of added cofactor or in the pre-

sence of 0.25 mmol/l of NAD or NADP with 10 nmol/l

�3H]corticosterone (CS) as substrate. (B) Reductase activity of 11b-
HSD. Cell homogenates were incubated in the absence of added

cofactor or with 0.25 mmol/l of NADH or NADPH and 10 nmol/l

�3H]11-dehydrocorticosterone (11-DHCS). Values are mean2 SE; n

= 5 (CS, NADP); n = 12 (NAD); n = 3 (11-DHCS, NADH,

NADPH); ��� p < 0.05 compared to the values of control samples

incubated without cofactor.
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trations ranging from 5 to 200 nmol/l, with a saturat-
ing concentration of NAD as cofactor (0.25 mmol/l).
The Km value for corticosterone determined from Line-
weaver-Burk plots of the data was 79.823.0 nM (n =
3).

Fig. 2 shows the results of the incubation of T-47D
cell homogenates in the presence of two inhibitors of
11b-HSD2 activity, the glycyrrhetinic acid synthetic
derivative, carbenoxolone, and the end product 11-
dehydrocorticosterone. In cell homogenates incubated
with increasing concentrations of the inhibitor, a dose-
dependent decrease of 11b-HSD activity was observed,
with the highest inhibition by carbenoxolone at the
concentration of 50 nmol/l (35% of control value) and
by 11-dehydrocorticosterone at the concentration of 10
mmol/l (17% of control value).

3.2. 11b-HSD mRNA analysis

To evaluate the steady-state levels of 11b-HSD
mRNA in T-47D cells, total RNA was analyzed by
RT-PCR. As shown in Fig. 3, in the presence of 11b-
HSD2 primers, ampli®cation yielded a single band of
293 bp corresponding to the 11b-HSD2 product (lane
3). In contrast, no product was obtained using 11b-
HSD1 primers (lane 2). These results demonstrate a
correspondence between 11b-HSD catalytic activity
and mRNA levels in T-47D cells.

3.3. E�ects of steroids on 11b-HSD activity

The e�ect of steroid hormones on 11b-HSD activity
of T-47D cells is shown in Fig. 4. In cells exposed for
24 h to 10 nmol/l of estrone (E1), 10 nmol/l of E2 or
100 nmol/l of MPA, neither E1 nor E2 a�ected 11b-
HSD activity, whereas MPA caused a 11-fold increase
compared with that of control incubation ( p< 0.001).

When E2 (10 nmol/l) was added to the medium
together with MPA (100 nmol/l) the stimulatory e�ect
was not signi®cantly higher than with the progestin
alone (data not shown). In cells exposed for 24 h to
MPA plus RU486 (1 mmol/l), the antiprogestin coun-
teracted any MPA-induced increase of 11b-HSD ac-
tivity by reducing the activity to basal levels, while
RU486 alone did not exert any agonistic e�ect on the
enzyme activity. In contrast to the marked e�ect of
MPA, the synthetic glucocorticoid dexamethasone
(DEX) used at equimolar concentration (100 nmol/l)
did not alter 11b-HSD activity. Exposure of the cells
to di�erent concentrations of E2 (1±100 nmol/l) for an
extended period (up to 6 days) failed to increase 11b-
HSD activity (data not shown).

3.4. Dose and time dependence of the response

Table 1 (left panel) presents levels of 11b-HSD in T-
47D cells cultured for 24 h with di�erent concen-
trations of MPA (1±100 nmol/l). The progestin exerted
a clear dose-response e�ect to enhance 11b-HSD ac-
tivity compared with levels measured in incubation
receiving vehicle alone; an increase of activity was
observed at the lowest concentrations tested (1 nmol/
l).

To measure the time-course expression of 11b-HSD
activity in T-47D cells, daily activity levels of 11b-
HSD were measured in cells maintained in control
medium or treated with 100 nmol/l of MPA. As
shown in Table 1 (right panel), MPA elevated 11b-
HSD activity by 24 h, followed by an increase over the
subsequent 72 h of incubation.

Fig. 4. Steroid-regulated T-47D cell 11b-HSD expression. Cultured

T-47D cells were incubated in medium A containing vehicle control,

E1 (10 nmol/l), E2 (10 nmol/l), MPA (100 nmol/l), MPA plus RU486

(RU; 1 mmol/l), RU486 (RU; 1 mmol/l) or DEX (100 nmol/l) for 24

h. Levels of 11b-HSD were measured in cell homogenates. Values

are mean2SE; n = 12 (control); n = 3 (E1, E2, MPA+RU;RU); n

= 8 (MPA); n = 4 (DEX); ��� p < 0.001 compared to control

values.

Fig. 3. RT-PCR analysis of 11b-HSD mRNA levels in T-47D cells.

One mg of total RNA was reverse transcribed and ampli®ed in the

presence of a control gene (GAPDH), 11b-HSD1 or 11b-HSD2 pri-

mers. Thirty-®ve cycles of ampli®cation were carried out. Lane 1 =

Control gene (GAPDH); lane 2 = 11b-HSD1; lane 3 = 11b-HSD2;

lane 4 = 11b-HSD1 positive control (cDNA); lanes 5 and 6 =

blank. The size of the products is indicated.
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3.5. E�ect of steroids on 11b-HSD mRNA levels

In order to evaluate whether steroid-mediated modi-
®cation of 11b-HSD activity corresponded to changes
in steady-state levels of 11b-HSD mRNA, RNA
extracted from cells treated with either control vehicle,
MPA or MPA plus RU486 was analyzed by semi-
quantitative RT-PCR. As shown in Fig. 5 (upper
panel), treatment of T-47D cells with MPA resulted in
an increase of 11b-HSD2 mRNA (lane 2). In cells trea-
ted with MPA plus RU486, the antiprogestin blocked
the MPA-dependent enhancement of 11b-HSD2
mRNA levels (lane 3).

4. Discussion

The aim of the present study was to investigate the

e�ects of ovarian steroids on 11b-HSD activity in

human breast cancer cells. To reproduce the mechan-

ism of the hormonal control of 11b-HSD in vitro, we

developed a tissue culture system using the well-di�er-

entiated breast cancer cell line T-47D. These cells have

been previously used to study the e�ects of steroids on

the expression of several breast epithelial cell proteins,

including steroid metabolizing enzymes [8,23,24], and

are well characterized for both their response to hor-

mones and receptor content. In particular, T-47D cells

contain estrogen and progesterone receptors [25,26]

and are responsive to both steroids [27,28]. Moreover,

their progesterone receptor levels are constitutively

high and independent of estrogen controls [29]. Thus,

T-47D cells represent a useful model to examine the

e�ects of estrogens and progestins on speci®c breast

epithelial cell endpoints.

The ®rst part of our study focused on the evaluation

of the characteristics of 11b-HSD of T-47D cells. Our

results indicate that 11b-HSD2 is the 11b-HSD iso-

form expressed by the cells in steady-state conditions.

Thus, 11b-HSD of T-47D cells preferred NAD rather

than NADP as cofactor and showed a predominant

dehydrogenase activity. In addition, the Km values for

corticosterone were similar to those reported for the

cloned human 11b-HSD2. Finally, enzyme activity was

inhibited by both carbenoxolone and the end product

11-dehydrocorticosterone [10,30]. RT-PCR analysis of

11b-HSD mRNA levels supported these results. When

total RNA from T-47D cells was examined, only a

band corresponding to the 11b-HSD2 product was

obtained, while no 11b-HSD1 mRNA was detected.

Previous investigations have examined the ex-

pression of 11b-HSD in normal and cancer human

breast epithelial cells. NAD-dependent 11b-HSD ac-

tivity has been described, although not characterized,

in human breast cancer cell lines where the enzyme is

thought to play a role in modulating the e�ects of glu-

cocorticoids on cell growth [13]. Moreover, 11b-HSD2

immunoreactivity has been demonstrated in normal

and malignant human breast epithelial cells [12]. The

results of the present study supplement these obser-

vations, giving evidence of a predominant, if not exclu-

Table 1

Dose and time response of 11b-HSD activity to MPA in T-47D cellsa

Dose (nmol/l) Time (h)

1 10 100 24 48 72 96

2.820.6 8.921.4 15.121.3 7.822.7 12.220.1 14.221.9 23.620.4

a Cultured cells were incubated in medium A containing vehicle control or MPA. For dose-response experiments, cells received the steroid at

the indicated concentrations for 24 h (left panel). For time-course experiments, cells were maintained in the presence of the steroid at the concen-

tration of 100 nmol/l for 24, 48, 72 and 96 h (right panel). Levels of 11-HSD2 were measured in cell homogenates as described in Section 2. The

results, mean2SD from triplicate cultures, normalised to cell protein, are expressed as fold of control value.

Fig. 5. Steroid e�ects on levels of 11-HSD2 mRNA as demonstrated

by RT-PCR. One microgram of total RNA from cultured T-47D

cells incubated with vehicle (lane 1), MPA (100 nmol/l; lane 2), or

MPA + RU486 (1 mmol/l; lane 3) for 24 h in medium A was reverse

transcribed and ampli®ed in the presence of 11b-HSD2 primers

(upper panel) or GAPDH primers (lower panel). Twenty-®ve cycles

of ampli®cation were carried out. The size of the products is indi-

cated.
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sive, 11b-HSD2 expression in human breast cancer
cells.

We then determined the e�ects of progestins and es-
trogens on 11b-HSD2 expression of T-47D cells. In
cultures exposed to MPA for 24 h, 11b-HSD2 activity
increased up to a mean of 11-fold. Induction of
enzyme activity was time- and dose-dependent, with re-
sponse at concentrations spanning the physiological
range of circulating progesterone, from the luteal
phase to pregnancy. Moreover, as demonstrated by
RT-PCR analysis, MPA was a potent inducer of 11b-
HSD2 gene expression, as it increased the steady-state
levels of 11b-HSD2 mRNA. T-47D cells are known to
metabolize progesterone very rapidly [31]. Thus, in our
study, this hormone was substituted with the synthetic
progestin MPA. However, since MPA also exerts glu-
cocorticoid action in breast cancer cells [32], we tested
the e�ects of a synthetic glucocorticoid, DEX, on T-
47D cells. In contrast to the marked increase of the ex-
pression levels in response to MPA, 11b-HSD2 was
refractory to DEX. In addition, RU486, a potent an-
tagonist of the progesterone receptor, counteracted the
progestin-mediated e�ects, strongly suggesting that
MPA induction of 11b-HSD2 activity is exerted
speci®cally via progesterone receptor. Considered
together, these results demonstrate that MPA acts as a
pure progestin in inducing 11b-HSD2 activity in T-
47D cells.

The MPA-dependent induction of 11b-HSD2 ac-
tivity shown in the present work is in agreement with
recent studies that demonstrated progestin enhance-
ment of 11b-HSD2 expression in normal and cancer
endometrial cells [15,33]. However, our results di�er
from the data reported by Sun et al. [34] in human
placenta syncytiotrophoblasts in vitro. These authors
observed a signi®cant reduction in levels of 11b-HSD2
mRNA after treatment with progesterone, an e�ect
reversed by the receptor antagonist RU486. In light of
these ®ndings, discussions on the mechanisms under-
lying regulation of 11b-HSD2 by steroid hormones
should take into consideration tissue-speci®c di�er-
ences in the control of 11b-HSD2 expression by pro-
gestins. As reported in the results section, in contrast
with the profound e�ect of progestins, neither E1 nor
E2 directly a�ected 11b-HSD2 activity in T-47D cells.
This is in line with the lack of correlation between es-
trogen receptor and 11b-HSD2 expression reported in
breast cancer tissues [12]. Furthermore, the observation
that treatment with E2 did not augment the progestin-
dependent induction of 11b-HSD2 is consistent with
the lack of estrogen controls of progesterone receptor
in T-47D cells.

The results of the present report clearly indicate that
progestin stimulates 11b-HSD2 activity in the T-47D
cell line. Extrapolation of these ®ndings to the in vivo
status suggests that plasma progesterone levels or tis-

sue uptake can directly a�ect 11b-HSD2 activity in
human breast cancer cells. It must be noted that our
results, as those obtained with any other in vitro
model, may not completely re¯ect the behavior of the
cell in vivo. However, several factors suggest the rel-
evance of the progestational regulation of 11b-HSD2
activity in breast tissues. Firstly, 11b-HSD2 is
expressed in T-47D as well as in breast epithelial cells
in vivo [12]. Secondly, 11b-HSD2 activity of T-47D
cells does not di�er in its characteristics from that of
the cloned human enzyme [10,30]. Finally, the concen-
trations of progestin required to exert e�ects on 11b-
HSD2 activity are in the physiological range of circu-
lating progesterone.

The progestational induction of 11b-HSD2 activity
demonstrated in the present report raises the question
as to its biological signi®cance in view of the functions
of the enzyme in the human breast epithelial cell. Glu-
cocorticoids can a�ect cancer cell growth by both a
direct action on cell proliferation and indirect e�ects
due to changes in the hormonal environment, and
such mechanisms have been extensively investigated in
vitro using human breast cancer cell lines. Thus, the
direct growth inhibitory e�ect of glucocorticoids has
been demonstrated on ZR-75-1 and MCF-7 [5,6] and
more recently, in Con-8 human breast cancer cells [7].
Moreover, the response of aromatase activity to gluco-
corticoids in MCF-7 and T-47D cell lines has
suggested the important role of these hormones in the
regulation of estrogen synthesis by breast carcinoma
cells [8]. Within this context, the recent observation of
Hundetmark et al. is noteworthy, as these authors
showed that inhibition of 11b-HSD enhances the anti-
proliferative e�ect of glucocorticoids on MCF-7 and
ZR-75-1 cell lines, thus, indicating that modulation of
enzyme activity can signi®cantly in¯uence the hormo-
nal response of human breast cancer cells [13]. The
involvement of progestins in the biological action of
glucocorticoids on breast carcinoma cells is not
known. The e�ects of these hormones on cell prolifer-
ation are contradictory since they have been reported
to cause stimulation, inhibition, or no changes in
growth rate [35]. It is recognized, however, that the re-
sponse of breast cancer cells to progestins comprises
changes in the expression levels of steroid-metabolizing
enzymes, such as 17b-hydroxysteroid dehydrogenase,
steroid sulfatase and sulfotransferase [35]. The results
reported here indicate the existence of a previously
undocumented mechanism of action of progestins on
breast cancer cells based on the modulation of the in-
tracellular levels of biologically active glucocorticoids
exerted via induction of 11b-HSD2 activity.

The enzyme 11b-HSD2 is abundantly expressed in
classical mineralocorticoid target tissues, such as the
kidney and colon, where it confers mineralocorticoid
speci®city by converting physiological glucocorticoids

F. Arcuri et al. / Journal of Steroid Biochemistry & Molecular Biology 72 (2000) 239±247 245



to their inactive metabolites and allowing aldosterone
to bind to the non-selective mineralocorticoid receptor
(MR) [36]. Previous investigations have demonstrated
the presence of MR in the ductal epithelium of excre-
tory and secretory organs where aldosterone is thought
to promote electrolyte transport across the epithelial
surface [37]. In human breast cancer, the presence of
MR has been previously described by Martin et al.
[38]. Recently, Sasano et al. have demonstrated coloca-
lization of MR and 11b-HSD2 in normal and malig-
nant human breast tissues. These authors proposed
that in breast epithelial cells, 11b-HSD2 could play an
important role to ensure selective binding of aldoster-
one to its physiological receptor [12]. There is a limited
number of data in literature concerning the biological
e�ects of mineralocorticoids in the breast, and it is still
not clear whether MR has a functional role in epi-
thelial cells. Martin et al. [38] hypothesized, however,
that in the mammary gland, aldosterone could act by
a�ecting ionic movements through the gland epi-
thelium. Re-examination of these previous results in
the light of the present data suggests the possibility
that alterations in electrolyte homeostasis can be as-
sociated with the response of breast epithelial cells to
progestins.

5. Conclusion

This report presents data on the hormonal regu-
lation of 11b-HSD activity of human breast cancer
cells using the T-47D cell line as an in vitro model. We
have demonstrated that these cells express the 11b-
HSD2 isoform and that the enzyme is induced by pro-
gestin. Further investigations are required to con®rm
the functioning of this mechanism in all progesterone-
responsive breast epithelial cells.
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